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The Residual Action of Two Organophosphorus
Compounds and a Carbamate on Dried Muds*

A. B. HADAWAY1 & F. BARLOW2

Laboratory experiments have shown that the sorption of two organophosphorus com-
pounds, malathion and fenthion, and a carbamate, UC 10854, on dried muds is influenced
by atmospheric humidity and that the biological activity ofa given concentration ofsorbed
insecticide increases with increasing humidity. The residual action of these insecticides on
dried mud bricks stored in the laboratory at 25C and 80 % relative humidity was similar
to that obtained in experimental huts at Arusha, Tanganyika.

The laboratory bio-assays indicate that both fenthion and UC 10854 can be expected to
have several weeks' residual action on dried mud walls provided that the atmospheric
humidity is high enough. Malathion was much less effective in the test conditions described
in this paper, but field data suggest that it has a long residual action on grass roofs.

Results obtained at the Tropical Pesticides
Research Institute, Arusha, Tanganyika, and else-
where in the field show the same trends as those in
our laboratory as far as the residual action of
organophosphates and carbamates against adult
mosquitos is concerned. In general they have a
longer residual action on wood and thatch than on
dried mud, and, at Arusha, a longer residual action
on Magugu soil than on the highly sorptive red
Babati soil. There has been, however, a big quanti-
tative discrepancy between the field and laboratory
results obtained with dried muds, for whereas the
loss in effectiveness of the insecticides in the labora-
tory is rapid-a matter of days-it is much slower,
over a period of several weeks, in the field. This has
given cause for considerable concern, and investiga-
tions were carried out to determine the factors
responsible.

MATERIALS AND METHODS

The materials and methods used in these experi-
ments were described in a previous report.3
The insecticides used were: malathion, 30%

wettable powder; fenthion, 40% wettable powder;
and UC 10854 (3-isopropylphenyl N-methyl carba-
mate), 50% wettable powder.

* From the Tropical Pesticides Research Unit, Porton
Down, Salisbury, Wilts, England. This investigation was sup-
ported in part by Research Grant No. EF. 194 from the
National Institutes of Health, Public Health Service, US
Department of Health, Education, and Welfare.

Officer-in-charge, Entomologist.
'Chemist.
See the article on page 55 of this issue.

RESULTS

Susceptibility ofspecies
The field and laboratory results have been obtained

with different mosquito species and it was necessary
to compare the behaviour of Anopheles gambiae with
our standard laboratory strain of A. stephensi.
Tests were therefore carried out with blood-fed
female A. gambiae reared from eggs sent by air from
the Arusha colony.

Kills of 100% of both species were obtained after
15 minutes' contact on fresh deposits of fenthion at
a dosage of 1 g/m2 on dried mud bricks made from
Taveta soil. After storage of the bricks for 24 hours
at 250C and 50% relative humidity no kills were
obtained when both species were exposed for two
hours on the treated surfaces. Again, no kills were
obtained when both species were exposed for two
hours on Taveta bricks one day after application of
malathion at a dosage of I g/m2, although per-
centage mortalities of A. gambiae and A. stephensi
were 80 and 66 respectively after 5 minutes' contact
on plywood treated with malathion at 1 g/m2.
The rapid loss in effectiveness of deposits of

malathion and fenthion on Taveta bricks occurred,
therefore, when both A. gambiae and A. stephensi
were used as test insects.

Dosage

The dosage of active ingredient normally applied
to dried mud bricks in our laboratory tests is 1 g/m2,
whereas higher dosages of 2 g/m2 or more have been
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used in the field. However, even at a dosage of
2 g/m2, malathion, fenthion and the carbamate
UC 10854 rapidly lost their effectiveness on dried
mud bricks made from various soils and stored at
250C and 50% relative humidity. For example,
Table 1 shows results obtained with UC 10854
at dosages of 1 g/m2 and 2 g/m2. An appreciable
residual action was obtained only at the higher
dosage on the least sorptive (Magugu) soil.

Constituents ofsubstrate
In the construction of experimental huts at

Arusha sand is mixed with soil in the proportion
of 2: 3. Comparisons were therefore made between

our standard dried mud bricks, and some to which
a sand of between 16 and 50 mesh had been added.
The addition of sand, however, had no significant
effect on the effectiveness of malathion or fenthion,
as can be seen, for example, from the results given
in Table 2.

It will be seen in the following section, however,
that insecticides had a better residual action on

pieces of wall made from Babati soil at Arusha than
on our standard Babati bricks. These wall panels
contained gravel particles much larger than the
sand particles used in the above experiments and
their presence may be responsible for the differences
observed. It is intended to investigate the effect of

TABLE I

CONTACT TOXICITY TO A. STEPHENSI OF UC 10854
ON DRIED MUD BRICKS STORED AT 25°C AND 50% RELATIVE HUMIDITY

Age of Mean kill (%) after contact time shown
deposit
(days) 2 min. 5 min. 15 min. 30 min. 60 min. 120 min. 240 min.

0 100

1 0 14 54

7 0 0

0 100

1 0 23 100

7 0 0 0

0 100

1 0 37 87

7 0 0

0 100

122 95 100

7 0 0 0

0 100

1 4 59 100

7 0 9 43

14 0 22

0 100

1 100

7 0 50 100

14 0 30 100

28 0 14 100

58 0 0
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TABLE 2
CONTACT TOXICITY TO A. STEPHENSI OF FENTHION
AT A DOSAGE OF I Wm2 ON DRIED MUD BRICKS

Mean kill (%) after contact
Age of time shown

Substrate deposit
(days) 5 15 30 60 120 240

min. min. min. min. min. min.

Babati 1 0 0

3 Babati:
2 sand 1 0 0

Taveta 1 0 26

3 Taveta:
2 sand 1 0 35

Magugu 0 24 100
1 ~~~~~~86

7 0 0

3 Magugu: 0 24 96 X
2 sand I

7 0 0

"inert" particles of different sizes in our dried mud
bricks on the residual action of insecticides.

Environmental conditions
There is no doubt that the insecticides are sorbed

rapidly on all the test soils. The carbamates are
particularly easily sorbed and, for example, deposits
of UC 10854 from a pure suspension applied at
2 g/m2 disappeared from the surface of Uganda,
Babati and Taveta bricks within two to three hours
and of Magugu bricks within four days. Humidity
had no influence on the visible sorption of UC 10854
on the first three soils, presumably because the
process is so rapid, but on the Magugu soil sorption
was more rapid at low humidity and so follows the
pattern previously observed with the chlorinated
hydrocarbons.'

Diffusion of the sorbed insecticide away from the
sprayed surface is also influenced by humidity and
in the same way as previously noticed with chlori-
nated hydrocarbons. The rate of diffusion increases
with increasing humidity. Table 3 shows the per-
centage distribution of UC 10854 through Taveta
soil blocks at different times after spraying with a
dosage of 1 g/m2.
Any effects of humidity are therefore likely to be

concerned with the concentration of sorbed in-

,Barlow, F. & Hadaway, A. B. (1958) Bull. ent. Res.,
49, 333.

TABLE 3
PERCENTAGE DISTRIBUTION OF SORBED CARBAMATE
UC 10854 IN BLOCKS OF TAVETA SOIL STORED AT

DIFFERENT HUMIDITIES

Relative Order and J_ _ Time (days)_ _
humidity weight of 1 Ti [6y8

20% 1 0.2 g 95 70 55 40

2 2.0 g 5 28 44 59

3 2.0g 0 2 1 1

4 2.0 - 0 0 0

50% 1 0.2g 95 29 15 8

2 2.0 g 5 69 73 63

3 2.0 g 0 2 11 21

4 2.0 - 0 1 8

5 2.0Og - - 0 1

80% 1 0.2g 95 19 11 5

2 2.0 g 5 70 62 40

3 2.0 g 0 11 21 29

4 2.0 - 0 4 16

5 2.0 - 0 0 8

6 2.0g - - - 3

secticide in the surface layers of soil and its avail-
ability. The concentration gradient in a soil will
depend upon the relative humidity conditions pre-
vailing between the times of spraying and testing,
while it is known from previous work that the bio-
logical activity of a given concentration of chlori-
nated hydrocarbon insecticide in a soil increases with
increasing humidity. The same effect has now been
obtained with both organophosphates and car-
bamates.
Dried mud bricks made from Babati and Magugu

soils were sprayed with suspensions of UC 10854
50% wettable powder at a dosage of 2 g/m2. Some
bricks were stored and tested at 50% relative
humidity at 250C, while others were stored and
tested at 80% relative humidity at 250C. Bricks
made of two parts of sand and three parts of Babati
soil were also sprayed and stored and tested at 80%
relative humidity. It can be seen from the results
given in Table 4 that the insecticide was more
effective on the less sorptive (Magugu) soil than on
the Babati soil, that the insecticide was much more
effective at the higher humidity on both soils, and
that the presence of sand in the Babati bricks had
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TABLE 4
CONTACT TOXICITY TO A. STEPHENSI OF UC 10854 AT A DOSAGE OF

2 glm2 ON DRIED BRICKS AT DIFFERENT HUMIDITIES

Relative Age of Mean kill (%) after contact time shown
Soil during deposit

storage and (days) 2 5 15 30 60 120
exposure min. min. min. min. min. min.

Babati 50% 0 100
1 0 23 100
7 0 0 0

Babati 80% 0 100
1 20 80 100
7 0 13 100
14 0 76
28 0 63
56 40 100

3 Babati: 80% 0 100
2 sand 1 10 70 100

7 0 17 100
14 0 9 94
28 0 5 87
56 60 100

Magugu 50% 0 100
1 100
7 0 55 100

14 0 30 100
28 0 14 100
56 0 0 0

Magugu 80% 0 100
1 100
7 90 100
14 12 47 100
28 8 78 100
56 0 22 74

little effect on the biological activity of the insecti-
cide.
Dried mud bricks made from Babati soil were

sprayed with malathion and fenthion wettable
powders at a dosage of 2 g/m2. Malathion was not
sufficiently toxic to produce kills after a contact of
two hours on bricks stored for 24 hours at 50% or
80% relative humidity, but fenthion was much more
effective on bricks stored- at 80% relative humidity
than on those stored at 50% relative humidity.

Sorption of the carbamate UC 10854 is extremely
rapid on Babati soil at both 50% and 80% relative
humidity, and therefore the prolonged activity at

the higher humidity must be due to greater avail-
ability of the insecticide whose concentration in the
surface layers will have decreased to the order of
probably 5 %-10% of the nominal dose after a week,
decreasing only slowly thereafter. This deduction
has been confirmed in other experiments described
below.
Dried bricks made from Babati soil were sprayed

with UC 10854 wettable powder at a dosage of
2 g/m2, and then stored at 50% relative humidity at
250C for five days to ensure complete sorption of the
insecticide. Some bricks (series B) were then trans-
ferred to 80% relative humidity, while the others

72



RESIDUAL ACTION OF TWO ORGANOPHOSPHATES AND A CARBAMATE ON DRIED MUDS

TABLE 5
CONTACT TOXICITY TO A. STEPHENSI OF MALATHION AND FENTHION

AT A DOSAGE OF 2 g1m2 ON BABATI BRICKS

hiRelative Age of Mean kill (%) after contact time shown
Insecticide during deposit

storage and (days) 2 5 15 30 60 120 240
exposure min. min. min. min. min. min. min.

Malathion 50 % 0 0 4 65
1 0 0

Malathion 80 % 0 0 4 65
1 0 0

Fenthion 50 % 0 56 95
7 0 0

Fenthion 80% 0 56 95
7 12 85 100
14 4 79 100
28 0 17 83
56 0 25

(series A) remained at 50% relative humidity, and
after 24 hours mosquitos were exposed on them at
the humidity at which they had been stored. High
mortalities were obtained only on the series B bricks
stored and tested at the higher humidity. The
storage conditions were then reversed for 24 hours,
when it was found that the biological activity of the
sorbed insecticide had also been reversed and high
mortalities were now obtained only on the series A
bricks (Table 6).

In order to avoid complications due to changes in
concentration of insecticide in the surface layers of
the bricks during storage at the different humidities,
soils were then impregnated with the carbamate
UC 10854 from ether solutions at concentrations of

TABLE 6
CONTACT TOXICITY TO A. STEPHENSI OF UC 10854
AT DOSAGE OF 2 gfm2 ON BABATI BRICKS AT

DIFFERENT HUMIDITIES

Relative Mean kill (%) after contact
humidity during time shown

Brick 24 hours prior
series to tests

and during 30 60 120 180
exposures min. min. min. min.

A 50% 0 16

B 80% 0 80

A 80% 11 100

B 50% 0 0

0.25% and 0.05% by weight. Insecticide was there-
fore evenly distributed throughout dried bricks made
from the impregnated soils. These concentrations
were chosen from chemical recoveries as being
approximately those which would be present in the
surface layers of soil shortly after sorption and
after, say, a week or two where most of the insecticide
had diffused away from the sprayed surface. The
bricks were stored at 50% relative humidity at
250C, and mosquitos were exposed on them at the
same relative humidity. Kills were obtained only
on the least sorptive Magugu bricks. The bricks
were then stored for 24 hours at 80% relative
humidity at 250C, and mosquitos were then exposed
on them at this higher humidity. Mortalities were
now very much higher. Storage at 50% relative
humidity for a further 24 hours again reduced the
effectiveness of the insecticide.
The results of this experiment, given in Table 7,

show clearly that the insecticide is much more readily
available to mosquitos at 80% than at 50% relative
humidity. It is also of interest to note that at a
given humidity the insecticide is more readily
available fromthe least sorptive (Magugu) bricks than
it is from the other more sorptive soils.

Finally it is instructive to combine some results
from Tables 4 and 7 in a further Table 8.

It appears from this that the concentration of
sorbed insecticides in the surface layer of soil is of the
order of 0.05% about two weeks after spraying Babati
soil and about four weeks after spraying Magugu soil.
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TABLE 7

CONTACT TOXICITY TO A. STEPHENSI OF SOILS IMPREGNATED WITH UC 10854
AT DIFFERENT HUMIDITIES

Relative Mean kill (%) after contact time shown
Concentra- humidity

tion of Soil during

insecticide previous 5 15 30 60 120 180 24024 hours min. min. min. min. min. min. min.and tests

0.25 Babati 50 % 0 0
80% 0 30 100
50% 0 0

Taveta 50 % 0 0
80 % 0 43 100
50% 0 0

Magugu 50 % 0 40 74 100
80% 84 100
50% 21 54 96

0.05 Babati 50 % 0
80% 14 73
50% 0

Taveta 50 % 0
80% 17 83
50% 0

Magugu 50 % 0 5
80% 0 65 100
50% 0

TABLE 8

COMPARISON OF THE KILLS FROM SOILS SPRAYED AND IMPREGNATED
WITH UC 10854

Soil | Treatment i (Time Mean kill (%) after contact time shown

(days) 2 min. 5 min. 15 min. 30 min. 60 min. 1120 min.

Babati 2 g_M2 UC 10854, 14 0 7
stored at 80%
relative humidity 28 0 63

56 40 100

Impregnated with
0.05 % UC 10854 14 73

Magugu 2 g/m2 UC 10854 14 12 47 100
stored at 80%
relative humidity 28 8 78 100

56 0 22 74

Impregnated with 0 65 100
0.05 % UC 10854
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TABLE 9
CONTACT TOXICITY TO A. STEPHENSI OF INSECTICIDES AT A DOSAGE OF

2 gIm2 ON ARUSHA PANELS

Relative
A Mean kill (%) after contact time shown

humidity Age of

Insecticide during deposit
storage and (days) 2 5 15 30 60 120 240
exposure min. min. min. min. min. min. min.

UC 10854 50% 0 100

7 ~~~~~~~031

14 0 0

UC10854 80% 0 100

7 0 81 100

14 13 91

28 5 76

56 8 75 100

Malathion 80% 0 4 48 95

7 0 21 65

Fenthion 80% 0 36 83

7 0 83 100

14 0 68 96

28 44 88

56 4 54 92

The same effect of humidity on the biological
activity of sorbed insecticide has been obtained with
samples of wall from the experimental huts at
Arusha. Panels of wall made from Babati soil were
received from Arusha but unfortunately many were
damaged in transit and the number of variables that
could be investigated was restricted. However,
sufficient tests were carried out to show that mala-
thion, fenthion and the carbamate UC 10854 were
more effective on the Arusha panels than on our
standard Babati bricks (Tables 4, 5 and 9), and this
may be accounted for by the presence of large
gravel particles which may impede the diffusion of
sorbed insecticide into the lower layers. The tests
with UC 10854 also showed that atmospheric
humidity had a very marked effect on the biological
activity of insecticide sorbed on the Arusha panels,
as it did with our standard bricks (Table 9). In fact,
the difference in effectiveness between Arusha panels,
stored at 50% and 80% relative humidity was much
greater than the difference in effectiveness between
the Arusha panels and the standard Babati bricks
stored at a given humidity.

DISCUSSION

The sorption of two organophosphorus com-
pounds, malathion and fenthion, and a carbamate,
UC 10854 (3-isopropylphenyl N-methyl carbamate),
on dried mud bricks has been shown to follow the
same pattern as observed previously with chlorinated
hydrocarbons,' and the biological activity of a
given concentration of sorbed insecticide increased
with increasing humidity. When Arusha wall
panels made from Babati soil were sprayed with
wettable powders of malathion, fenthion and UC
10854 and were stored and tested at 80% relative
humidity the results of our bio-assays agreed closely
with those at Arusha. Records of the relative
humidity inside experimental huts at Arusha were
given by van Tiel 2 and they show that the average
relatLve humidity is kept at a reasonably high level,
even throughout the dry season. It is concluded,
therefore, that atmospheric humidity is the factor

I Barlow, F. & Hadaway, A. B. (1958) Bull. ent. Res.,
49, 333.

' Tiel, N. van (1961) Bull. Wld Hlth Org., 24, 593.
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most likely to be responsible for the discrepancy
between the field and earlier laboratory results
obtained with the insecticides on dried mud.
The use of panels of wall from huts at Arusha in

routine laboratory tests is not, however, practicable
and it is necessary therefore to compare results
obtained on standard mud bricks with those of bio-
assays at Arusha. If a minimum of 70% kill after a
contact time of one hour is taken as the criterion of
effectiveness, then fenthion at a dosage of 2 /M2
would be rated as having a residual life of four
weeks on our Babati bricks stored and tested at
80% relative humidity, and of five to six weeks on
Babati soil in experimental huts at Arusha. Again,
UC 10854 at a dosage of 2 g/m2 would be rated as
having a residual life of more than eight weeks on
Magugu bricks and of two to four weeks on Babati
bricks at 80% relative humidity, while the Arusha
figures would be more than eight weeks and four to
five weeks respectively. Thus, laboratory assessments
with standard bricks will be ofthe right orderprovided
they are stored and tested at 80% relative humidity.

It should be emphasized that these insecticides
will be very much less effective in situations where
atmospheric humidity is low, and it will be necessary
to conduct future residual tests on dried soils at
different humidities if a picture of likely variations
in effectiveness is to be obtained.
The laboratory bio-assays indicate that both

fenthion and UC 10854 can be expected to have a
residual action on dried mud walls for several weeks
provided that the atmospheric humidity is sufficiently
high. Malathion, on the other hand, was much less
effective even at a dosage of 2 g/m2 and at high
humidity. It is significant, however, that despite the
poor results obtained with malathion on dried mud
in laboratory bio-assays and in experimental huts
with mud roofs and walls, the over-all mortalities
of naturally entering A. gambiae in experimental
huts with grass roofs and mud walls exceeded 90%
for more than three months.' It is clear that mala-
thion has a long residual action on grass roofs, and
that the resting habits of the vector are of consider-
able importance.

RIESUMI

Les essais en laboratoire ont montr6 que la sorption
du malathion, du fenthion, et du carbamate UC 10854
par la boue sechee est influencee par l'humidite atmo-
spherique, et que l'activit6 biologique d'une concentra-
tion donnee d'insecticide sorbe s'accroit avec le degre
d'humidite. L'action remanente de ces insecticides sur
les briques de boue maintenues au laboratoire a 20°C et
sous 80% d'humidite relative 6tait analogue A celle que
l'on a notee dans les cases traitees, a Arusha, Tanganyika,
ou l'humidit6 se maintient assez 6levee, meme pendant
la saison seche. On peut en conclure que l'humidite est
la variable qui explique les diff6rences observ6es dans des
essais anterieurs, entre le laboratoire et le terrain.

Il semble, d'apres les essais en laboratoire, que, lorsque
l'humidite est assez elevee, le fenthion et 1'UC 10854
peuvent avoir une action remanente sur les murs de boue
sechee, se prolongeant pendant plusieurs semaines. Le
malathion qui, au laboratoire, paraissait moins actif que
le fenthion, meme dans une atmosphere tres humide, s'est
montre tres efficace contre A. gambiae sur les toits
herbeux des cases. II y persiste longtemps, et 1'evaluation
de son efficacit6 generale depend evidemment des habi-
tudes derepos des moustiques contre lesquels il estemploye.

1 Smith, A. & Hocking, K. S. (1962) Bull. Wld Hith
Org., 27, 231.


